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At least one of the 

sensor units is 
implanted proximate 
to a cancerous tissue 
treatment site. 
101 



Dynamically monitoring 
the spatial data during 
^eternal beam 
radiation therapy. 
112 



» 



Relaying at least one of 
radiation dose data 
■regarding the dose amount 
received at respective 
implantation sites in the 
body, temperature at the 
target site and/or spatial 

data regarding tne 
movement of a tumor to 
guide and/or gate the 
delivery of a radiation 
therapy. 



Implanting at least one 
sensor unit into the body of 
a subject, the sensor unit 
being configured to sense 
at least one predetermined 
internal parameter of 
interest. 
100 



Providing an external 
electronic coupling member 

that is configured to 
cooperate with the at least 
■ one implanted sensor unit 
to provide a coupling signal 
that varies In strength 
relative to position. 
105 



I 



Monitoring and analyzing 
the coupling signal from the 

at least one implanted 

sensor and the external 
coupling member to 
provide spatial data 
thereby having the 

Implanted sensor act as a 
positional marker. 
110 



Relaying sensed data from 
the sensor unit to provide 
data regarding at least one 
predetermined internal 
sensed parameter. 
115 



The at least one 
sensor unit is a 
plurality of 
sensor units 
implanted at . 
different sites 
in the body. 
102 



FIGURE 1 
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The at least one j 
implanted sensor I 
unit Is a plurality j 

of units each I 
having a coupling f 

solenoid coll 

associated 

therewith. 
151 

•*• 



, -t. 

jSeriaily individually! 
poll the sensor i 
units of interest, i*' 

158 i 

> 

-t. 

Each sensor unit i 
is polled at the I 
sanne frequency j 
land the sensors are: 
bit-encoded with I 
unique indentifler ! 
data to allow i 
identification of I 
which sensor Is I 
being polled. | 

159 I 



Provide an external 
solenoid. 
. 150 



T 



Move the external solenoid 
external to a patient 
proximate to an 
implantation site of at least 
one implanted sensor unit. 
153. 



I 



Monitor the strength of the 
magnetic coupling between 
the external solenoid and 
the at least one implanted 
sensor unit during the 
movement (at various 
locations traveled based on 
the movement). 
156 



I 



WIrelessly transmit 
radiation dose data from 
at least one Implanted 
sensor unit to an external 
reader. 
160 



J 



: Move the external I 
I solenoid so that j 
1 it travels in three- I 
->jiimensions proximate j 
ithe implanted sensor I 
1 unit. j 
: 152 • 



Determine the spatial : 

position and^r | 

orientation of the • 

at least one : 

implanted sensor 1 

unit. : 

157 I 



Use the monitored coupling 
strength and the radiation 

data to determine: (a) 
radiation dose delivered^ to 
the Implantation site; and 
(b) the spatial localization of 
the at least one sensor unit, 
proximate In time to an 
external beam radiation 
therapy session. 
161 



j Gate and/or guide : 
Ithe radiation therapy i 
I using dynamic : 
*i radiation dose and j 
j sensor location data. : 
i 162 j 



FIGURE 2 
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The image sytem can 
be a Computed 
Tomography (CT) 
image System used 
for imaging and to 
deliver external 
radiation beam 
therapies. 
173 



Implant a plurality of sensor 
units into the body of a patient 
such that at least one is 
positioned proximate to a 
target treatment site. 
170 



I 



The target 
treatment site is 
associated with 
cancerous tissue.; 
171 



Position the patient in an 
imaging system in a 
registed position. 
172 



Obtain an electrical 
measurement of signal strength 
from the sensor units while 
the patient is in the registered 
position in the imaging system 

to define the initial spatial 
location of the sensor units In 
3-D space. 
174' 



T 



Obtain an image of the 
planned treatment site and 
the implanted sensor units. 
176 



l^onitor in real time i 
the movement of the i 
sensor units to gate I 
and/or guide the 
radiation into the 
body of the patient. 
179 



I 



I 



Then, proximate in time to a planned 
radiation therapy session, 
automatically move an external 
solenoid external of the body of the 
patient proximate the implantation 
sites to determine the orientation and/ 
or position of the sensor units in the 
body. 
178 



Wirelessly relay radiation dose and/or 
temperature data from the implanted 
sensor units proximate the radiation 
therapy session to thereby determine 

the dose received and/or thermal 
condition at the target treatment site. 
180 



FIGURE 3 
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10 



Articulated Arm Movement 
Monitor/Control Module 
- . 50M 



External Solenoid Power 
Source 
SOP 



Coupling Signal Strength 
vs. Position Module 
20M 



FIGURE 6 



Controller/Spatial Data 
Processor 
20 



I 



Reader with Telemetry 
Communication Electronics 

for Wirelessly • 
Communicating with the 
Implanted Sensor(s}. 
30 



75i 752 
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-305 



Processor 
310 



V 



348 



:> 



— J — 

X. 

; External Beam! 
Radiation 
System 
320 



Computation Module(s) for 
determining location of 
implanted sensor unitfs) 

and selected internal 
parameter(s) detected by 
the implanted sensor 
unlt(s). 
350 



Application Programs 
354 




Operating 




I/O Device 


System 




Drivers 


352 




358 



Memory 
314 
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Large solenoid is driven by- 
sine wave at roughly 135 ' 
KHz. Small solenoid is 
enclosed in foil to cancel - 
out grounding effects. 

I 

Note: dielectric loading was 
evaluated with physiologic 
saline and no loaolhg was . 
observed. 
76t 



75s 

Small solenoid enclosed 
In foil 

75s 

Coil outside of foil 
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Applied voltage (yellow) 
to large solenoid and , 
response voltage (blue) 
of small solenoid. 
Frequency was adjusted 
to achieve maximum 
coupling. 

FIGURE 9 



§ 80 



Coupling voltage versus distance 




6 8 10 
Separation (cm) 



FIGURE 10 
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Small coil is tilted 
with respect to ruler, 
relative to the 
orientation in Rgure 
8. Note that all of the 
coils remain in the 
plane of the table. 



7er 



76r 



75 



75s 

FIGURE 11 
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Small coll Is tilted out of the 
plane of the table, but Its 
projection onto the table is 
parallel to the ruler. 

•76t- 
76r. 




FIGURE 12 
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